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Fig. 7 ????????????????????????????? 
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Type 2-1?????? 7??????????????????? 
Type 2-2?????? 7???????????????? 
Type 2-3??????-??????? 
Type 2-4???????????-??????? 































R= H: 1, R= F: 2
R= H: 5, R= F: 6
R= H: 16, R= F: 17
R= H: 7, R= F: 8 R= H: 9
R= H: 10 R= H: 11
R= H: 12, R= F: 13





R= H: 3, R= F: 4
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 ?????????????????? Gaussian03W ??????????? 
DELL PRECISION 360 (Pentium(R)4 Processor 3GHz/512KB L2Cache (800MHz FSB) ?








????????????????? Single Point Energy (SPE)?????????
?? diffuse??????????? 6-311+G(d)??? B3LYP????????? 
 
?????????????scrf = (iefpcm?solvent = ethanol) 
?????????Self-Consistent Reaction Field: SCRF????????????
?????????????????????????????????????
???????????????????????????????? Tomasi ?
?????????Polarizable Continuum Model: PCM?????????????
?????????????????????????????????????



















Table 1 Absorption Spectral Data for 7-Aminocoumarins in Ethanol 
Group 4-Methylcoumarins 4-Trifluoromethylcoumarins
1 28.3 (1.9) 2 26.2 (1.8)
3 27.2 (2.2) 4 25.3 (1.9)
Type 2-1 5 27.0 (2.6) 6 25.2 (2.3)
7 30.4 (1.9) 8 29.2 (1.8)
9 31.6 (1.2)
Type 2-3 10 27.0 (2.3)
Type 2-4 11 26.4 (2.4)
Type 3-1 12 27.4 (2.2) 13 26.7 (2.0)
Type 3-2 14 28.3 (1.4) 15 26.6 (1.2)




The lowest energy absorption maxima are given in 103 cm-1. The numbers in parentheses are the 





????????????????????? 1? 2, 3? 4, 5? 6, 7? 8, 12? 13, 14
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T y pe  2-1 (5)








 Fig. 13 ??? 5??? 6???????? 
 
















T y pe  2-2 (7)








 Fig. 14 ??? 7??? 8???????? 
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T y p e  3-1 (12)








 Fig. 15 ??? 12??? 13???????? 
 
















T y p e  3-2 (14)








 Fig. 16 ??? 14??? 15???????? 
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T y p e  3-3 (16)








 Fig. 17 ??? 16??? 17???????? 
 
















T y p e  1 (1)
T ype  2-3 (10)
Type  2-4 (11)








 Fig. 18 ??? 1,10,11??? 16???????? 
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Figures 11?13, 17??? 18???????Type 1, Type 2-3, Type 2-4? Type 3-3??
????????????Figure 18???????????? 1????? 10, 11, 16
???????????????????????????????????????
???????????????????103 cm-1????????????? 1 (28.3)?
??? 10 (27.0)???? 11 (26.4)???? 16 (25.8)????????????????





???????? (7.45)?????? (7.67)?1,2,3,4-?????????? (7.50)??
????? (7.05) [20]?????????????????????????????
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????35?103 cm-1????log?= 4.3 ????????????????-????
???? 270?310 nm ???????????????????? 35?103 cm-1???
?????????????????????????????-??????? (Type 











Table 2 Calculated Absorption Spectral Data for 7-Aminocoumarins in Ethanol 
Group 4-Methylcoumarins 4-Trifluoromethylcoumarins
1 29.3 H→L(main) 2 26.6 H→L
3 27.5 H→L 4 24.9 H→L
Type 2-1 5 26.0 H→L 6 23.3 H→L
7 29.9 -1→L 8 27.1 -1→L
9 33.1 -2→L(main)
Type 2-3 10 27.9 H→L
Type 2-4 11 27.2 H→L
Type 3-1 12 28.9 -1→L(main) 13 26.3 -1→L(main)
Type 3-2 14 28.3 H→L(main) 15 25.1 H→L(main)




The lowest energy absorption maxima are given in 103 cm-1. H (HOMO); -1 (HOMO-1); -2 




??????????? 10, 11??? 16? HOMO?????? (eV) ???????
???????? 10 (-0.2083)???? 11 (-0.2039)???? 16 (-0.1966)???????






??????????? 7 ??? 8 ?? HOMO-1?LUMO???? 9 ?? HOMO-2?




 ??????-??????? (Type 3-1??? 3-2) ??????? (Type 3-1) ??
??????? HOMO-1?LUMO ???????????????????????
? (Type 3-2) ???HOMO?LUMO??????????????
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A: S0 ? S1 ?? 
B: ???? 
C: S1 ? S0 ????-???? 
D: S1 ? S0 ?? 
E: S1 ? T1 ???? 
F: ???? 
G: T1 ? S0 ????-???? 
H: T1 ? S0 ??? 






































?????????????????????? TICT?a twisted-intramolecular charge 
transfer????????????????????????????????????

























































?????????????? (????) / 0.1N???????? (Φ = 0.52) [28] 
?????????????????????? 
 






















??????????????????????[29]??????? Fig. 21???? 
?????????????? 
?????1cm 
????????Lasertechnik Berlin??? 337 nm?fwhm350 ps? 
??????????????????MC-20L 
???????????????? H-3284 
































Table 3 Fluorescence Properties for 7-Aminocoumarins in Ethanol 
Group 4-Methylcoumarins
    emi Φ τ kr knr Δ
Type 1 1 23.4 0.78 4.0 2.0 0.54 4.9
Type 2-1 5 21.5 0.004  <0.1 - - 5.5
Type 2-3 10 22.7 0.71 3.9 1.8 0.75 4.3
Type 2-4 11 22.5 0.71 4.0 1.8 0.73 3.9
Type 3-1 12 21.5 0.14 5.5 0.26 1.6 5.9
Type 3-2 14 23.5 0.25 2.1 1.2 3.6 4.8
Type 3-3 16 21.3 0.65 4.7 1.4 0.75 4.5
Group 4-Trifluoromethylcoumarins
    emi Φ τ kr knr Δ
Type 1 2 20.8 0.53 5.7 0.92 0.83 5.4
Type 2-1 6 20.0 <0.003 - - - 5.2
Type 3-1 13 18.6 <0.003 - - - 8.1
Type 3-2 15 20.0 0.02 0.8 0.30 12 6.6




Emission maxima ( emi) and stokes shift (Δ ) are given in 103 cm-1. Fluorescence lifetime (τ) 
are given in ns. Radiative decay rate constants (kr) and radiationless decay rate constants (knr) 
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kr + kIC + kIS C
1τ =
kr + kIC + kIS C
krΦ =
 










kr = ?/? 





??????????????? 1? 2, 14? 15, 16? 17????? 1????? 10, 11, 
16???????????????????knr????????????? 5, 6, 12, 13, 
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Table 4 Crystal and experimental data 
Formula: C12H11NO2 
Formula weight: 201.22 
Crystal color, habit: yellow, plates 
Crystal size: 0.10 x 0.15 x 0.20 mm 
Crystal system: monoclinic 
a = 7.539 (2) Å 
b = 19.230 (2) Å 
c = 6.9395 (9) Å 
? = 103.89 (1) ? 
V = 976.7 (3) Å3 
Space group: P21/c  Z = 4 
Dcalc = 1.368 g/cm3 
F(0 0 0) = 424.00 
μ(CuKα) = 7.66 cm-1 
T = 295 ? 1 K 
2θmax = 149.9º with Cu Kα (1.54178 Å) 
No. observations = 1981 (All, 2θ<149.9º) 
No. variables = 181 
R, Rw = 0.036, 0.109 
Goodness of fit = 1.02 
(Δ/σ)max = 0.00 
(Δρ)max = 0.18 e-/ Å3 
(Δρ)min = -0.12 e-/ Å3 
Diffractometer: Rigaku AFC7R(rotating anode) 
Program system: teXsan 
Structure determination: direct method (SAPI91) 



































 Fig. 26 Designation of bond length and angles 
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Table 5 List of Compounds whose Crystral Structures are Solved by X-Ray Analysis 
Group Name Compound Name Reference








7-Dimethylamino-4-trifluoromethylcoumarin (Coumarin 152) 45,46
3-(5-Chloro-2-benzoxazolyl)-7-(diethylamino)-2H -1-benzopyran-2-one 47
7-Amino-4-methylcoumarin (Coumarin 120) 48
3-(2-Benzothiazolyl)-7-(diethylamino)coumarin (Coumarin 6) 49
7-(Dimethylamino)-4-methyl-2H -1-benzopyran-2-one (Coumarin 311) 50
7-Amino-3-phenylcoumarin 51
Type 2-2 7-(1H -Pyrrol-1-yl)-4-methyl-2H -1-benzopyran-2-one 52
7-(1H -Pyrrol-1-yl)-4-trifluoromethyl-2H -1-benzopyran-2-one 53
Type 2-3 4-Methyl-4’,5’-dihydropyrrolocoumarin





Type 3-1 10H -4-Methyl-2H -2-oxopyrano[5,6-b ]carbazole 56
Type 3-2 7H -4-Methyl-2H -2-oxopyrano[5,6-c ]carbazole 57
Type 3-3 10-(1,3-Benzothiazol-2-yl)-2,3,6,7-tetrahydro-1H ,5H -11H -
[1]benzopyrano[6,7,8-ij ]-quinoliz-11-one (Coumarin 545)
58
2,3,6,7,10,11-Hexahydro-1H ,5H -cyclopenta[3,4][1]benzopyrano[6,7,8-
ij ]quinolizin-12-(9H )-one (Coumarin 106)
59
10-Cyano-1,2,5,6-tetrahydro-3H ,7H ,11H -[1]benzopyrano[6,7,8-ij ]-
quinolizin-11-one
60
1,1-Dimethylethyl-2,3,6,7-tetrahydro-11-oxo-1H ,5H ,11H -
[1]benzopyrano[6,7,8-ij ]-quinolizine-10-carboxylate (Coumarin 338)
61
2,3,6,7-Tetrahydro-9-methyl-1H ,5H ,11H -pyrano[2,3-d ]benzo[1,2,3-
ij ]quinolizin-11-one (2,3,6,7-Tetrahydro-9-methyl-1H ,5H -quinolizino[9,1-
gh ]coumarin) (Coumarin 102) (Coumarin 480)
62
2,3,6,7-Tetrahydro-9-(trifluoromethyl)-1H ,5H ,11H -[1]benzopyrano[6,7,8-ij ]-
quinolizin-11-one (Coumarin 153)
63
Ethyl-2,3,6,7-tetrahydro-11-oxo-1H ,5H ,11H -[1]benzopyrano[6,7,8-ij ]-
quinolizine-10-carboxylate (Coumarin 314)
64,65
2,3,6,7-Tetrahydro-11-oxo-1H ,5H ,11H -[1]benzopyrano[6,7,8-ij ]-







Table 6 Average Values for Structural Parameters Calculated for 7 Groups of Compounds 
Bond length (Å)
a b c d e f
Type 1 1.404 (22) 1.366 (22) 1.415 (21) 1.401 (21) 1.372 (21) 1.394 (20)
Type 2-2 1.405 (3) 1.380 (3) 1.408 (3) 1.393 (3) 1.386 (3) 1.402 (3)
Type 2-3 1.419 (2) 1.357 (2) 1.404 (2) 1.379 (2) 1.380 (2) 1.399 (2)
Type 2-4 1.405 (8) 1.369 (8) 1.421 (8) 1.402 (8) 1.371 (8) 1.394 (8)
Type 3-1 1.401 (4) 1.387 (4) 1.427 (4) 1.386 (4) 1.379 (4) 1.413 (4)
Type 3-2 1.417 (3) 1.370 (3) 1.406 (3) 1.411 (3) 1.385 (3) 1.394 (3)
Type 3-3 1.405 (10) 1.367 (11) 1.430 (11) 1.413 (9) 1.379 (10) 1.402 (9)
Bond Angles (°)
1 2 3 4 5 6
Type 1 116.0 (14) 121.9 (16) 121.1 (15) 117.6 (14) 119.7 (15) 123.6 (15)
Type 2-2 116.9 (1) 121.7 (1) 120.1 (1) 119.515 (1) 119.21 (1) 122.7 (1)
Type 2-3 116.6 (1) 120.7 (1) 120.4 (1) 121.1 (1) 117.5 (1) 123.7 (1)
Type 2-4 115.6 (6) 123.4 (6) 119.0 (6) 118.8 (6) 119.6 (6) 123.5 (6)
Type 3-1 118.3 (3) 120.0 (3) 119.5 (3) 121.9 (3) 116.8 (3) 123.6 (3)
Type 3-2 118.3 (2) 122.3 (2) 117.7 (2) 121.9 (2) 118.3 (2) 121.4 (2)
Type 3-3 116.8 (7) 122.4 (7) 119.4 (7) 119.7 (7) 118.0 (7) 123.7 (7)
 




Table 7 The Sum Value (˚) of Angles 7,8, and 9 
average maximum minimum
Type 1 359.7 361.0 357.1
Type 2-2 359.8 359.9 359.8
Type 2-3 348.3 - -
Type 2-4 359.8 360.0 359.7
Type 3-1 357.9 357.9 357.9
Type 3-2 359.1 - -
Type 3-3 359.0 360.1 356.1  
Designation of bond angles is shown in Fig. 26. 
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Table 8 Average Geometry of Aromatic Rings in Bicyclic Coumarins (BC) and Tricyclic 
Furocoumarins (TF)[1] 
Bond Length (Å) 
 a b c d e f 
BC 1.403(12) 1.371(11) 1.397(10) 1.386(13) 1.382(9) 1.391(9) 
TF 1.405(14) 1.390(13) 1.402(10) 1.378(13) 1.383(11) 1.406(10) 
 
Bond Angles (˚) 
 1 2 3 4 5 6 
BC 117.7(15) 120.7(11) 119.9(9) 120.9(8) 118.0(10) 122.8(13) 














??-????????Type 2-4??????? c???????-????????Type 
3-1??? 3-2??????? c??? d???????-????????Type 3-3??
????? c? d???????????????????????????????
?????????????????????????????????? 
????? 7 ????????? N ?????????????????????
?????????????Fig. 27???? α????? C=O 2?????β????

















Table 9 The Observed Results for 7-Aminocoumarins 
Group 4-Methylcoumarins
α β Reference
1 1.218(2) 1.369(2) - - 48
1.208(2) 1.365(2) 1.445(2) 1.449(2)
1.210(2) 1.366(2) 1.443(2) 1.437(2)
Type 2-2 7 1.212(2) 1.413(2) 1.388(2) 1.388(2) 52
Type 2-3 10 1.216(2) 1.372(2) 1.452(3) -
Type 2-4 11 1.221(2) 1.362(3) 1.450(3) - 54
1.228(3) 1.377(3) 1.388(3) -
1.221(3) 1.374(3) 1.391(3) -
Type 3-2 14 1.222(3) 1.372(3) 1.386(3) - 57
Type 3-3 16 1.221(7) 1.375(6) 1.452(7) 1.450(7) 62
Group 4-Trifluoromethylcoumarins
α β Reference
2 1.216(2) 1.356(3) - - 42
1.206(3) 1.361(3) 1.444(4) 1.443(4) 45
1.203(4) 1.362(3) 1.448(4) 1.444(4) 46
Type 2-2 8 1.208(2) 1.410(2) 1.386(2) 1.389(1) 53
1.202(2) 1.368(2) 1.439(3) 1.452(3)
1.199(2) 1.370(2) 1.441(2) 1.445(3) 63

















?????????? α???? 4???? 7??????????????????
?? 
?? β?????????Type 2-2??????????????????? 3, 4, 10, 
11, 16??? 17?Type 1, 2-3, 2-4 ??? 3-3????????? β’?????????
?????????????? β??? β’?????p-N,N-????????????
?????? 4-N,N-???????-2,3,5,6-???????????????????
??????? β???? β’???p-N,N-???????????????1.366(2) Å?
1.477(2), 1.450(2) Å?????1.356(5) Å?1.459(6), 1.436(5) Å?[67]?4-N,N-?????
??-2,3,5,6-???????????????1.352(4) Å?1.469(4), 1.457(4) Å?[68]??




??? 12??? 14?Type 3-1??? 3-2???????-??????????? β
???????? 3, 4, 10, 11, 16??? 17????????????? β’??????
????????????? 12??? 14????? β?????? β’???????
???????????? 7??? 8?Type 2-2?????????????????






??Type1 ???Type3-1 ??? 3-2?Type2-2 ??????????????????
????????????????Type3-1 ??? 3-2?Type1 ???Type2-2 ????
??????????????3?????????Table 3????????????




TD-DFT ??????????????????? HOMO ???????????
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 ??? 7 ??? 12 










??????-????????Type 3-1??? 3-2????????? b? c???
???? 4????? 3??? 5????????????????????????
?????????????????? 4???? 5???????[69-73]?????








Table 10 The Observed Results (º) of Angles for Carbazoles 
Compounds 1 2 3 4 5 6 Reference
Carbazole 120.1 117.9 120.6 121.9 115.6 123.9 69
N -Vinylcarbazole 120.8 118.6 120.1 121.5 117.0 122.1 69
121.0 118.9 118.8 122.9 117.0 121.4
121.4 119.0 118.7 122.9 117.0 121.0
1-Azacarbazole 121.0 119.2 119.6 121.3 117.9 121.0 71
Carbazole 121.0 118.4 119.7 122.3 116.7 122.0 72
121.9 118.9 117.9 123.1 117.6 120.7
119.4 117.6 120.8 121.3 117.4 123.4







??? 10??????-????????Type 2-3???????7?? N?????
??????? 348??????? 348????????????? sp2??? sp3??
?????????????????????????????? 7-????????
?????????????????? 360˚????????????? 10? 7??
N ?????????? 15???????????????????? 7,8,12 ???
14 ????? 6??????????????????-??????????? 7 ?
???????????????????????????????????????
?????????? 7??????????????????????????TD-DFT







































????????????????????????????? Table 11???? 
 ????????????????????????????? 
 42 
Table 11 ????????? 
グループ 化合物番号 化合物名 略称 入手先/グレード
1 7-amino-4-methylcoumarin Coumarin 120 東京化成工業HPLC labeling
2 7-amino-4-trifluoromethylcoumarin Coumarin 151 AldrichLaser grade
3 7-N,N -dimethylamino-4-methylcoumarin Coumarin 311
Aldrich
Laser grade
4 7-N,N -dimethylamino-4-trifluoromethylcoumarin Coumarin 152
Exciton
Laser grade
5 7-phenylamino-4-methyl-2H -1-benzopyran-2-one * 1
6 7-phenylamino-4-trifluoromethyl-2H -1-benzopyran-2-one * 1
7 7-(1H -pyrrol-1-yl)-4-methyl-2H -1-benzopyran-2-one * 1
8 7-(1H -pyrrol-1-yl)-4-trifluoromethyl-2H -1-benzopyran-2-one * 1
9 7-(2,5-dimethyl-1H -pyrrol-1-yl)-4-methyl-2H -1-benzopyran-2-one * 1
Type 2-3 10 4-methyl-4’,5’-dihydropyrrolocoumarin * 2
Type 2-4 11 6,7,8,9-tetrahydro-4-methyl-2H -pyrano[3,2-g ]quinolin-2-one Coumarin 339
Kodak
Laser grade
12 10H -4-methyl-2H -2-oxopyrano[5,6-b ]carbazole * 1
13 10H -4-trifluoromethyl-2H -2-oxopyrano[5,6-b]carbazole * 1
14 7H -4-methyl-2H -2-oxopyrano[5,6-c ]carbazole * 1
15 7H -4-trifluoromethyl-2H -2-oxopyrano[5,6-c]carbazole * 1
16
2,3,6,7-tetrahydro-9-methyl-
1H ,5H ,11H -pyrano[2,3-
d ]benzo[1,2,3-ij ]quinolizin-11-one
Coumarin 102 ExcitonLaser grade
17
2,3,6,7-tetrahydro-9-(trifluoromethyl)-
1H ,5H ,11H -[1]benzopyrano[6,7,8-ij ]-
quinolizin-11-one















































































 Scheme 2  ?????????? 
 
 










??????? (?????????? Wakogel C-200 ?????????????
?????????????? = 1?1) ???????????? 6-nitroindoline??
??????????????????????????Yield 39%; 1H-NMR (CDCl3) δ 
7.58 (5H, d?d), 7.37 (7H, d), 7.16 (4H, d), 3.69 (2 CH2, t, 8.5 Hz), 3.1 (3 CH2, t, 8.5 Hz). 
 
6-nitro-N-acetylindoline???[76] 





100%; 1H-NMR (CDCl3) δ 9.0 (7H, d), 7.9 (5H, d?d), 7.27 (4H, d), 4.18 (2 CH2, t, 8.6 Hz), 3.3 
(3 CH2, t, 8.6 Hz), 2.27 (1 acetyl, s). 
 
6-amino-N-acetylindoline???[76] 




??????Yield 89%; 1H-NMR (CDCl3) δ 7.67 (7H, d), 6.93 (4H, d), 6.36 (5H, d?d), 4.0 (2 
CH2, t, 8.4 Hz), 3.1 (3 CH2, t, 8.4 Hz), 2.2 (1 acetyl, s). 
 
6-hydroxy-N-acetylindoline???[77] 
6-amino-N-acetylindoline 1.7g???? (1.2mL????? 19.3mL????) ????
????????? 0?????????????????????????????
????????????????????????????????????? (?
??????? (???? GR 98.5%) 742.5mg? 4.2mL???????????) ??
????????????? 1?????????????????????????
???????? (??? 5??? (???? GR) 15.0g? 16.9mL????????
???) ???????????????????????????????????
?????????????6-hydroxy-N-acetylindoline?????????Yield 64%; MS 
m/z = 177 (M+); 1H-NMR (DMSO-d6) δ 9.2 (6 OH, broad s), 7.6 (7H, d), 6.96 (4H, d), 6.36 (5H, 
d?d), 4.05 (2 CH2, t, 8.3 Hz), 3.0 (3 CH2, t, 8.3 Hz), 2.12 (1 acetyl, s). 
 
6-hydroxyindoline hydrochloride???[77] 
6- hydroxy -N-acetylindoline 1.1g??? 6.0mL??? 16.0mL???? 1.7mL????
????145?? 2??????????23.7mL?????????????????
??????????????????????????? 6-hydroxyindoline  
hydrochloride??????????Yield 82%; MS m/z = 135 (M+); 1H-NMR (D2O) δ 7.37 




6-hydroxyindoline hydrochloride 0.86g????????? (???? GR/ ?????
??????? (???? GR) ????????????????) 0.71mL????
??? (???? 99.9%) 1.9g????????? (???? ??/ ????????
?????????? (27mmHg-75?) ?????) 1.2mL?????? (??????
? (???? EP) ?????????????) 5.1mL?? 140?16????????
??10mL??????????????????????????????????
????????????????????????????? (?????????
? Wakogel C-200 ?????????????????????????? = 3?7) ?
??????????? 4-methyl-4’,5’-dihydropyrrolocoumarin???????????
???????????????????????????????????????
??Yield 29%; MS m/z = 201 (M+); 1H-NMR (CD3OD) δ 7.35 (5H, s), 6.36 (8H, s), 5.9 (3H, s),  
3.65 (2 CH2, t, 8.4 Hz), 3.07 (3 CH2, t, 8.4 Hz), 2.37 (4 CH3, s). Found: C, 71.59; H, 5.52; N, 




4-Methyl-4’,5’-dihydropyrrolocoumarin ? X????????? 
 
????????????????? Table 12?????????????????
???? Table 13???????ORTEP????????? Fig. 29???? 
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Table 12 Atomic coordinates and equivalent isotropic thermal parameters(Beq) 
Atom x y z Beq(Å2) 
O(1) 0.0722(1) 0.08188(5) 0.1988(1) 4.21(2) 
O(2) -0.0471(2) 0.18565(6) 0.1305(2) 6.23(3) 
N(1) 0.3030(2) -0.15052(7) 0.3223(3) 5.90(4) 
C(1) 0.0380(2) 0.14741(8) 0.2596(2) 4.45(3) 
C(2) 0.1064(2) 0.16294(8) 0.4646(3) 4.69(3) 
C(3) 0.1959(2) 0.11562(8) 0.5967(2) 4.27(3) 
C(4) 0.2261(2) 0.04686(7) 0.5306(2) 3.58(3) 
C(5) 0.3148(2) -0.00815(8) 0.6530(2) 4.11(3) 
C(6) 0.3342(2) -0.07152(8) 0.5746(2) 4.22(3) 
C(7) 0.4214(3) -0.1383(1) 0.6679(3) 5.71(4) 
C(8) 0.3693(3) -0.1914(1) 0.5011(4) 7.28(6) 
C(9) 0.2676(2) -0.08362(7) 0.3705(2) 4.22(3) 
C(10) 0.1821(2) -0.03170(8) 0.2451(2) 4.14(3) 
C(11) 0.1621(2) 0.03211(7) 0.3284(2) 3.45(2) 
C(12) 0.2655(4) 0.1343(1) 0.8119(3) 6.19(5) 
H(1) 0.079(2) 0.2097(10) 0.503(3) 5.699(5) 
H(2) 0.358(2) 0.0018(9) 0.792(3) 5.183(5) 
H(3) 0.378(3) -0.150(1) 0.786(3) 7.452(7) 
H(4) 0.556(3) -0.1324(9) 0.712(3) 6.348(5) 
H(5) 0.275(4) -0.222(1) 0.520(3) 9.263(8) 
H(6) 0.475(3) -0.221(1) 0.489(3) 7.717(7) 
H(7) 0.226(3) -0.168(1) 0.210(3) 7.962(8) 
H(8) 0.133(2) -0.0399(9) 0.107(3) 4.940(4) 
H(9) 0.231(3) 0.181(1) 0.836(4) 8.979(8) 
H(10) 0.403(3) 0.130(1) 0.853(3) 7.432(7) 
H(11) 0.215(3) 0.103(1) 0.893(4) 8.861(8) 





Table 13 Selected bond lengths (Å), bond angles (°) and torsion angles (°) 
O(1) C(1) 1.373(2) O(2) C(1) 1.216(2) 
C(1) C(2) 1.424(2) C(2) C(3) 1.351(2) 
C(3) C(4) 1.436(2) C(4) C(5) 1.419(2) 
C(5) C(6) 1.357(2) C(6) C(9) 1.404(2) 
C(9) C(10) 1.379(2) C(10) C(11) 1.380(2) 
O(1) C(11) 1.375(2) C(4) C(11) 1.399(2) 
C(6) C(7) 1.515(2) C(7) C(8) 1.523(3) 
N(1) C(8) 1.452(3) N(1) C(9) 1.372(2) 
C(4) C(5) C(6) 120.7(1) C(5) C(6) C(9) 120.4(1) 
C(6) C(9) C(10) 121.1(1) C(9) C(10) C(11) 117.5(1) 
C(5) C(6) C(7) 131.9(1) C(7) C(6) C(9) 107.7(1) 
C(6) C(7) C(8) 103.7(2) N(1) C(8) C(7) 105.0(2) 
C(8) N(1) C(9) 110.3(2) N(1) C(9) C(6) 111.0(1) 
N(1) C(9) C(10) 127.9(2) C(8) N(1) H(7) 123(1) 
C(9) N(1) H(7) 115(1)     
C(4) C(5) C(6) C(7) 179.9(2) C(4) C(5) C(6) C(9) 0.4(2) 
C(5) C(6) C(7) C(8) 171.7(2) N(1) C(9) C(6) C(5) 179.3(1) 
N(1) C(8) C(7) C(6) 14.0(2) C(7) C(8) N(1) C(9) -15.1(2) 
C(8) N(1) C(9) C(10) -171.1(2) C(6) C(9) N(1) C(8) 9.9(2) 
N(1) C(9) C(10) C(11) -179.9(2) N(1) C(9) C(6) C(7) -0.3(2) 
C(6) C(9) C(10) C(11) -1.0(2) C(8) C(7) C(6) C(9) -8.8(2) 
C(7) C(6) C(9) C(10) -179.3(2)      




 Thermal ellipsoids of non-H atoms are drawn at the 50% probability level. 
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